the time of follow up MRI after six months. The ttest was used to determine statistical differences. Results: four of ten patients (40%) showed decrease of meniscal lesion in follow up MRI after six months. Nine of ten patients (90%) complained about short episodes of heavy pain after the injections with average NRS-Score of 7.9 at daily loads after the last injection. Six of ten patients (60%) showed Improvement of NRS-Score at final follow up. Average NRS-Score improved significantly (p=0.027) from 6.9 before injections to 4.5 six month after treatment. Six of ten patients (60%) reported increase of sports activity compared to the situation before injections. In four patients (40%) additional surgical treatment was necessary because of persistent knee pain or progression of meniscal lesion. Conclusions: percutaneous injections of PRP have the ability to achieve pain relief and halt of progression on MRI over 6 months in patients with grade 2 meniscal lesions. Therefore it could be considered as a treatment option in patients with persisting pain. Level of evidence: IV.
Introduction
Meniscal lesions are frequent. The mean annual incidence is about 60-70 per 100,000 1, 2 . Meniscal lesions are not only painful, but also responsible for long absences from physical activities. Furthermore, it is suggested that meniscal tears may be a risk factor for cartilage deterioration 3 . Therefore adequate treatment strategies are required. On MRI imaging, meniscal lesions may be divided into four grades (0-3) according to Reicher et al. 4 . A grade 1 lesion of the meniscus shows mucoid degeneration without signs of ruptures, i.e. connection to the meniscal surface. Non-surgical intervention with physical therapy is an accepted treatment approach for this kind of lesion 5, 6 . On the other hand, grade 3 lesions are complete meniscal ruptures with an interruption of the meniscal surface on MRI. Surgical intervention with meniscal repair showed sufficient treatment results and is considered the therapy of choice especially in athletes and active patients. Partial meniscectomy however is the therapy of choice in Summary Introduction: management of intrasubstance meniscal lesions is still controversial. Intrasubstance meniscal lesions can lead to reduced sports activity and meniscal rupture. Physical therapy is often not satisfactory. Therefore new treatment methods are requested. Platelet Rich Plasma (PRP) has the ability to regenerate tissue; this was proved in several experimental studies.
Whether percutaneous injections of PRP are effective in intrasubstance meniscal lesions is unknown. We hypothesize that percutaneous PRP injections lead to pain relief and halt of progression on MRI over 6 months in patients with grade 2 meniscal lesions.

Materials and methods: ten recreational athletes with intrasubstance meniscal lesions (grade II according to Reicher) proven by MR-Imaging (MRI)
were treated by percutaneous injections of PRP in the affected meniscal area. Three sequential injections in seven day intervals were performed in every patient. All injections were performed with image converter. Follow-up MRI was done six months after last injection in every patient. Level of sports activity and amount of pain at athletic loads according to numeric rating scale (NRS-11) were noted in each patient before injections and at
Percutaneous injections of Platelet Rich Plasma for treatment of intrasubstance meniscal lesions
Centrifuge (Rotofix) and centrifuged for five minutes at 1,500 rpm. During the extracorporeal blood processing, 2 ml of acid-citrate-dextrose (ACD) solution was used to prevent clotting. The system allows supernatant (PRP) transfer from the 10 ml outer syringe into the 5 ml syringe under aseptic conditions. Harvest volume averaged between 2-5 ml. Acquired PRP contained reduced levels of leukocytes compared to the baseline of the whole blood. It could be classified as PRP type 3a according to Mishra et al. 19 . PRP was prepared fresh at each time and was injected within 30 minutes. Three sequential injections with seven-day intervals were performed in each patient. All injections were performed under fluoroscopy. The injection technique has been standardized in a preceding cadaver trial to ensure correct injection in the different meniscal areas (data not shown). All injections were performed on an outpatient basis. The injection point was the medial or lateral joint space. The joint space was detected with fluoroscopy in anterior-posterior (AP) projection. In mediolateral (ML) projection the syringe was placed according to the affected area to the anterior, intermediate or posterior part of the meniscus. Correct AP projection was ensured by reference to the tibia plateau and femoral notch. Correct ML projection was ensured based on the distal femur with condyles superimposed and joint space free of superimposition. Meniscal tissue was identified by increase and loss of resistance. After PRP injection, patients remained in the outpatient clinic until pain was considered tolerable and were followed in the outpatient clinic or by telephone interview to detect possible side effects. All patients were allowed to bear full weight, but were advised to avoid physical activities, such as running or jumping, for at least four weeks after the last injection. Ice packs and medication with paracetamol were allowed for post injection pain. NSAID were not allowed for 6 months. Physical therapy was not prescribed during recovery from the injections. Before treatment and at 6 months follow-up patients were asked to rate their pain on a numeric rating scale (NRS-11) during individual athletic loads, with zero indicating no pain and ten the worst pain imaginable. The t-test was used for statistical analysis with the level of significance set to p<0.05. MRI of the respective knee joint was performed prior to the first and 6 months after the last injection. All ten patients were imaged on the same 1.5-T MRI scanner (Avanto; Siemens Medical Systems, Erlangen, Germany) using an 8-channel phased-array extremity coil. All MRI examinations consisted of an axial frequency-selective fat-suppressed T2-weighted fast spin-echo (FSE) sequence, a coronal intermediate-weighted FSE sequence, a coronal frequencyselective fat-suppressed intermediate-weighted FSE sequence, a sagittal intermediate-weighted FSE sequence and a sagittal frequency-selective fat suppressed T2-weighted FSE sequence. A section thickness of 3 mm was used. To assure that the slices used for the evaluation of the progression of the meniscal lesion were taken through the same part of older and low demand patients 7, 8 . Treatment concepts for grade 2 lesions are nevertheless still discussed controversial. A grade 2 lesion is consistent with an intrasubstance defect without surface disruption on MRI, but can be considered a pre-stage meniscal rupture. Intrasubstance meniscal lesions can lead to a reduced physical activity and development of complete meniscal rupture 1, 9 . Conservative treatment is often not satisfactory 10 , however, in patients with persisting pain despite conservative treatment surgical options are limited since, by definition, there is no complete meniscal rupture 6, 10 . Therefore, there is a clinical need for new treatment methods for grade 2 lesion. Percutaneous injection of Platelet Rich Plasma (PRP) might be a promising treatment option for these patients, as it is minimally invasive and shows the ability to regenerate tissue 9 . PRP is commonly used in many orthopedic applications, especially in the treatment of tendinopathies [11] [12] [13] . The use of PRP in meniscal repair is an area of growing interest but clinical evidence is lacking and only a few studies are existing [14] [15] [16] [17] . Whether percutaneous injections of PRP are effective in intrasubstance meniscal lesions is unknown. We hypothesize that percutaneous PRP injections lead to pain relief and halt of progression on MRI over 6 months in patients with grade 2 meniscal lesions.
Materials and methods
Ten patients referred to our hospital between 2012 and 2013 were included in this retrospective study. This study had been approved by the institutional review board of the hospital (University Hospital Basel, Switzerland, ID 191/11) before commencement and meets the ethical standards of this journal 18 . All patients were recreational level athletes and forced to quit sport activities because of pain within the knee joint at athletic loads. Activities included alpine skiing, cross country skiing, cycling and running. Inclusion criteria were: Patient age ≥18 years, persistent knee joint pain for at least six months and evidence of intramural meniscal lesion grade 2 according to Reicher et al. 4 on MRI. All patients failed a six month course of conservative treatment, including activity modification with sport cessation, physiotherapy, and NSAID. Exclusion criteria included osteoarthritis with a Kellgren-Lawrence stadium >2, medial or lateral deviation of the mechanical axis >10mm, prior knee injury or meniscal lesion, generalized inflammatory arthritis, systemic diseases, pregnancy, severe infection, known malignancy, bleeding disorders or anticoagulation, previous knee surgery, ESWT, corticosteroid injection into the knee joint and finally nerve-related symptoms such as radiculopathy. The Arthrex ACP Double Syringe System™ was used to obtain PRP. This system includes one outer 10 ml syringe. Within this outer syringe, a commercially available 5 ml syringe is connected. Ten millilitres of autologous blood was taken from the antecubital vein with the outer syringe and placed into the Arthrex the meniscus, the patient was placed in a standardized position and wore a knee splint for reproducible alignment of the leg. Halt of progression was determined when the same grade of meniscal lesion according to Reicher et al. 4 was present during follow up examination with same or less size and signal intensity of the lesion. Imaging evaluation was performed in a blinded manner by two independent, experienced radiologists.
Results
4 women and 6 men with a mean age of 53.3±13.9 years were included in this study. Mean symptom duration, from the beginning of symptoms to enrolment in the study, was 7.1±0.96 months. Average NRS-Score prior to injection was 6.9±0.99. In MR-imaging all patients showed grade 2 meniscal lesion with preserved meniscal surface and intrasubstance signal abnormality (Tab. 1). Three sequential injections with seven-day intervals were performed in every patient. Maximal 0.5 -1 ml of PRP could be injected in the meniscal tissue limited by a growing resistance. No systemic or local complications were noted at any time. Six of ten patients (60%) showed Improvement of NRS-Score at athletic loads at final follow up. One patient showed decline of NRS from 7 to 1, another patient from 6 to 0 (Tab. 1). Six of ten patients (60%) reported increase of sports activity compared to the situation before injections and returned to previous sports activity level. Average NRS-Score six months after treatment was reduced significantly (p=0.027) to 4.5 (Tab. 1). Four of ten patients (40%) showed a decrease of meniscal lesion in follow up MRI after six months with decline of intrasubstance signal alteration in sagittal and coronal planes ( Figs. 1-4 ). Nevertheless two patients (20%) showed progression of meniscal lesion in follow up MRI six months after injections with a defect of the meniscal surface. In four patients (40%) additional surgical treatment was necessary because 
Discussion
Percutaneous injections of PRP have the ability to achieve pain relief and halt of progression on MRI over 6 months in patients with grade 2 meniscal lesions. In the present study 60% of patients showed a significant improvement of NRS score and increase of sports activity after injection. In 40% of patients decrease of meniscal lesion could be seen on MRI. Several anabolic growth factors have been identified in meniscal tissue repair and regeneration such as basic fibroblast growth factor, TGF-b1, bone morphogenic proteins, insulin-like growth factor-I, vascular endothelial growth factor and PDGF-AB 20 . PRP is an autologous source of these and other growth factors and might be a promising treatment option in meniscal lesions. In this present study it could be shown that the usage of PRP for intrasubstance meniscal lesions (grade 2) might be beneficial. To date, only a few studies have evaluated the use of PRP for meniscal applications [14] [15] [16] [17] . Ishida et al. 16 investigated the use of PRP for meniscal tissue regen-eration in an animal trial. Tissue defects treated with PRP showed significantly greater scores for the number of fibro-chondrocytes and production of extracellular matrix compared to platelet poor Plasma (PPP) and controls. The results of this study led the authors to conclude that PRP enhances the healing properties of the inner, avascular meniscus. Moreover a recent clinical trial reported the improved outcome results after open meniscal repair and addition of PRP compared to open meniscal repair alone 14 . These results are consistent with the results of our present study. However, intrasubstance lesions are considered a special kind of meniscal tear and the evidence for treatment options of these kind of meniscal lesions is rare 4, 10, 21 . Previous studies often reported unsatisfactory results after conservative treatment 7, 10 . In contrast, operative intervention with arthroscopic needling or partial menisectomy showed good results in an earlier study 10 . However, these methods contain inherent perioperative risks. Furthermore, partial menisectomy is a final treatment option and should be reserved for patients with instable meniscus lesions in the whitewhite area without healing tendency 5, 6 . As opposed to this, percutaneous injections of PRP represent a low invasive treatment option with combination of growth factor application and meniscal trephination. This percutaneous technique is, if appropriately used, safe, without any considerable risks and can lead to satisfactory clinical results. Therefore it could be used as a first step procedure or at least temporizing treatment option in patients with persisting meniscal pain. However it should be noted that in four patients of present study percutaneous injections remained unsuccessful requiring later surgical treatment. Moreover high post procedural pain was reported in almost all patients with a temporary increase of NRS. The Authors interpreted that pain as a volume-induced post procedural pain attributable to the inability of the rigid meniscal tissue to absorb the load of fluid. On the other hand, this pain can also be caused by leukocytes contained in the PRP 22 . However, in this present study leucocyte poor PRP was used, which limits possibility of leucocytes induced pain. Nonetheless usage of leucocyte filters for preparation of PRP might be considered in future to further prevent this side effect [22] [23] [24] .
Obviously the present study contains several limitations. Firstly it remains uncertain whether the plasma was always applied in the damaged meniscal area with the percutaneous technique. Usage of a dye such as a radio-contrast agent might be considered in future studies to improve verification of PRP application. This however would further reduce the possible amount of PRP injected within the meniscus. Moreover, knee pain might not only be caused by the meniscal pathology alone, but also, due to the age distribution, by early osteoarthritic changes. PRP showed efficacy in osteoarthritic knee pathology in earlier studies 23 and may actually decrease the pain and inflammation even without healing the meniscus in some patients. However, patients with significant osteoarthritic changes (> Kellgren-Lawrence grade 2) were not included in this present study. Moreover further investigations with controlled trials are preferable to validate the significance of this therapeutic tool. Especially the comparison between PRP injections, steroid injections and needling alone seems interesting and should be focused in future studies.
Conclusion
Percutaneous injections of PRP have the ability to achieve pain relief and halt of progression on MRI over 6 months in patients with grade 2 meniscal lesions. Therefore it could be considered at least as a temporizing treatment option in patients with persisting pain.
